Background
==========

Atherosclerotic cardiovascular disease (CVD) is the leading cause of death in the Western world \[[@B1]\]. Whilst atherosclerosis is a lifetime disease, very few symptoms are evident until late into its course. The incidence of CVD results from a complex interaction of many risk factors, some of which are evident in youth \[[@B2]-[@B5]\], often while individuals are asymptomatic and unaware of the consequences. Childhood obesity, poor cardiorespiratory fitness (CRF) and physical inactivity are all independent risk factors for CVD disease but are also associated with other risk factors such as high blood pressure \[[@B5]\], type 2 diabetes, insulin resistance, adiponectin \[[@B6]\], C-reactive protein \[[@B4]\] and arterial stiffness \[[@B7]\]. Unsurprisingly, increasing physical activity levels is often purported as an important constituent of a healthy lifestyle given its beneficial effects upon both weight status and CRF.

Despite the well-established benefits of regular physical activity on health and well-being, current levels within school aged youth are widely regarded as insufficient to meet recommendations \[[@B8]\]. Recommendations within the United Kingdom recommend that all children and young people should engage in moderate to vigorous intensity physical activity for at least 60 minutes and up to several hours every day whilst also suggesting that vigorous intensity activities, including those that strengthen muscle and bone, should be incorporated at least three days a week \[[@B9]\]. Understanding why youth fail to meet recommended physical activity levels is a complex phenomenon influenced by numerous interrelated factors that can be different for each individual. Nonetheless, school is one setting where youth spend a substantial amount of their time. The school environment, and in particular physical education (PE), affords an ideal setting to practice health-promoting behaviours and is widely recognized as an important setting for collaborative intervention \[[@B10]\]. Moreover, the school setting provides a venue whereby interventions can reach a large number of individuals from assorted socio-economic surroundings while providing an environment for youth to engage in physical activity.

Even so, it is clear that many youth have difficulty, and perhaps little interest, in partaking in long duration endurance based activities. Of relevance may be the fact that many of the activities of youth are intermittent, and are of a high intensity \[[@B11]\] and are in contrast to the continuous nature of recommended and prescribed programmes. Recently, a growing body of evidence has found that the adaptations typically associated with traditional endurance exercise may also occur through low volume, high-intensity interval training (HIT) \[[@B12]-[@B16]\]. For example, our group have previously demonstrated significant reductions in systolic blood pressure (BP) and CRF in adolescents after 7 weeks of an HIT intervention \[[@B16]\]. Others utilizing different protocols have also demonstrated a significant increase in skeletal muscle markers of carbohydrate metabolism, lipid oxidation and mitochondrial biogenesis \[[@B12]\], CRF \[[@B14]\], increased endothelial function and CRF \[[@B13]\] and increased insulin action \[[@B15]\]. From these findings, some have suggested that HIT may provide a useful alternative to traditional endurance based exercise recommendations for health promotion. Particularly when you consider that lack of time is often cited as a common determinant of exercise participation regardless of sex, age, ethnicity or health status \[[@B17]\].

Nonetheless, the use of HIT interventions is often perceived as unpractical and intolerable by the general population. It is important therefore that further work is undertaken to support the role of alternative evidence based exercise recommendations. Thus, the purpose of this study was to examine the effects of a HIT intervention upon a number of risk factors of CVD. The working hypothesis of the present study was that HIT interventions are effective for the primary prevention of lifestyle-related disease risk factors.

Methods
=======

Ethics statement
----------------

The study protocol was approved by the University of the West of Scotland Ethics committee and conformed to the Declaration of Helsinki.

The design, intervention and measurement protocols have been described in detail previously \[[@B18],[@B19]\]. A short overview is provided below.

Participants
------------

A cohort of adolescent school children (64 boys, 25 girls, 16.7 ± 0.6 years) volunteered for the study. Informed consent was obtained for all volunteers and their parents. Participants were recruited from year 5 and year 6 PE classes. The total number of pupils in the two school years (5 and 6) was 236. However, only participants who chose to study PE (n = 92) were eligible. Of this, 89 agreed to participate providing a 97% recruitment rate. No other inclusion or exclusion criterion was applied. A quasi-experimental research design was utilized and the two year groups were then randomly assigned as either the high intensity training (HIT) or the control group. Participants were instructed not to change their dietary or lifestyle habits other than prescribed throughout the intervention period. Prior to experimental data collection all participants were fully habituated to experimental data collection and test procedures.

Study design
------------

An ecological model and action research/dynamic assessment methodology was used in this study. The basic premise of ecological models is to support individuals undertaking health enhancing behaviour by ensuring that the environments and policies, relevant to an individual, support such an approach \[[@B20],[@B21]\]. In this study, we focused our efforts on the individual participant as well as the PE teachers and school management by forming collaborative partnerships with the research team. Forming collaborative partnerships is highly compatible with multilevel, multi-sectorial ecological models as they allow for on-going engagement and interaction, increasing the relevance and feasibility of initiatives \[[@B22]\]. This partnership based approach afforded the opportunity for two-way dialogue between all parties which fostered the collaborative nature of the intervention.

By utilizing an action research/dynamic assessment methodology, the team were able to gather substantial data and information concerning the intervention and adapt accordingly in an on-going basis, indicative of action research \[[@B23]\]. Regular communications of findings, progress and development were continually shared between all relevant parties and in doing so, informed future action points, strategies and plans throughout the intervention. The dynamic assessment component of our methodological approach was achieved through the use of several different approaches to evaluate the effectiveness of the intervention. This included weekly heart rate monitoring, weekly video monitoring, discussion groups and continued observation and feedback to all relevant parties concerning individual and group participation and responsiveness throughout the intervention. This occurred during and after each exercise session throughout the intervention period. By utilizing such an approach we were able to draw conclusions about the participants learning responses to the intervention which then informed future action points, strategies and plans throughout.

Intervention
------------

Participants in the control group (34 boys, 13 girls) were instructed to continue normal behaviour. Participants in the HIT group (30 boys, 12 girls) were required to complete a 30 s maximal effort sprint within a 20 m distance separated by cones. Validity and reliability of the 20 m sprint as a measure of anaerobic performance has been provided previously \[[@B24]\]. Initially, participants repeated the protocol four times with a 30 s recovery period between sprints which equated to 2 mins of maximal effort sprinting interspersed with 2 min recovery. The protocol was performed 3 times weekly. Training progression was implemented by increasing the number of repetitions from four during weeks 1 and 2, to five during weeks 3 and 4, to six during weeks 5 and 6. During week 7, participants still performed six repetitions but each was interspersed by only 20 s recovery. Overall, participants undertook 54 mins of exercise during the intervention period. Participants were given a familiarization trial of four low intensity runs prior to the start of the intervention. Timing of the sprint and the recovery period was recorded manually by the same investigator.

Physical and physiological measures
-----------------------------------

Barefoot stature was measured to the nearest 1 mm (Seca Stadiometer, Seca Ltd, Birmingham, UK). Weight in normal PE clothing was measured to the nearest 0.1 kg using calibrated electronic weighing scales (Seca 880, Digital Scales, Seca Ltd, Birmingham, UK). Sexual maturation status was determined using a self-report questionnaire based on the criteria of Tanner \[[@B25]\] for stage of pubic hair (PH) development. Systolic BP and diastolic BP was measured with an automated monitor (Omron M10-IT Blood Pressure Monitor HEM-7080IT-E, Omron Healthcare UK Ltd, Milton Keynes, UK) after each participant had sat quietly for a period of 10 min. The average of the second and third measures was used for analysis.

Four components of health-related physical fitness was measured and included: CRF, muscular power and speed/agility. CRF was measured using the 20 m multi stage fitness test (20MSFT) which is viewed as a valid predictor of maximal CRF in young people \[[@B26]\]. The counter movement jump (CMJ) was used to measure muscular power with jumping height measured using the Optojump system (Microgate, Bolzano, Italy) after a standardized warm-up. Sprint (running) speed was measured over 10 m using an electronic sprint timer with photoelectric sensors (Polifemo Radio Light -- Microgate, Italy). The 10 m sprint took place with photoelectric sensors placed at 0 and 10 m intervals. Agility was measured with the 505 test. Two photoelectric sensors (Polifemo Radio Light -- Microgate, Italy) were placed 5 m from the starting line and 5 m from a designated turning point. Participants were instructed to sprint maximally to the designated turning point, pivot, and return as quickly as possible through the photoelectric sensors in accordance with standard procedures \[[@B27]\]. All measurements were taken at baseline and post-intervention in both groups at the same time of day in the school sports hall.

Heart rate (HR) response was recorded on all participants once during each training week with continuous heart rate telemetry (Hosand, TM200, Hosand Technology, Verbania, Italy). On completion of the activity session participants were provided with personalized feedback and were encouraged to ask questions. It was expected that personalized feedback would facilitate engagement and adherence with the intervention and aims of the study.

Lifestyle questionnaires
------------------------

All participants completed a validated physical activity questionnaire for adolescents (PAQ-A) \[[@B28]\] which required them to recall their physical activity behaviour from the previous 7 days. The questionnaire provides a score for each individual ranging from 0--5, with 0 reflecting no physical activity and 5 being very physically active. This measurement is particularly useful as an indicator of general activity patterns that can discriminate between active and inactive individuals rather than trying to estimate the intensity and duration of activities. Daily food intake was estimated with a validated, self-reported seven-day food diary \[[@B29]\] and a food frequency questionnaire. Participants were instructed to complete the food diary and record everything that they ate and drank over a specified seven-day period. Returned food diaries and questionnaires were inspected and when necessary, clarification of responses were confirmed with participants. The collated data were analyzed using the nutritional analysis software by Health Options Ltd (Nutri Check, Health Options Ltd, Cirencester, Gloucester, UK) with average daily kilocalories (kcal/d), percentage of total fat, and saturated fat then calculated.

Metabolic measures
------------------

Blood samples were obtained between 9:00 am and 11:00 am after an overnight fast in all participants. Prior to sampling, participants were instructed to sit quietly for a period of at least 30 mins to control for plasma volume shifts \[[@B30]\]. A team of qualified phlebotomists, experienced in paediatric sampling techniques collected the blood samples. Blood samples were obtained from an antecubital vein and collected in a BD Vacutainer plasma tube (Becton, Dickinson and Company, Franklin Lakes, USA). Plasma was isolated by centrifugation at 3,500 rpm for 10 minutes and frozen at −80°C within two hours of collection. Analyses were subsequently completed within three months of collection. Total cholesterol, insulin, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), high-sensitivity C-reactive protein (CRP), glucose, interleukin-6 (IL-6), adiponectin and triglycerides were measured. All analyses were performed using standard procedures. Total cholesterol and triglycerides were measured by enzymatic methods (TR210 and CH200 Randox, Co. Antrim, UK) and a Camspec M107 spectrophotometer (Camspec, Leeds, UK). Concentration of HDL was determined after precipitation of very low density and low-density lipoproteins by the addition of phosphotungstic acid in the presence of magnesium ions. The Friedewald formula \[[@B31]\] was used to calculate LDL-C concentration. Glucose was measured using the glucose oxidase method (GL364, Randox, Co. Antrim, UK) and analyzed with a Camspec M107 spectrophotometer (Camspec, Leeds, UK). Plasma insulin was analyzed with commercially available immunoassay kits (ALPCO, Salem, NH, USA) and a Camspec M107 spectrophotometer (Camspec, Leeds, UK). Concentrations of IL-6, and CRP were measured with specific enzyme linked immune-sorbent assay (ELISA) kits (R & D Systems, Abingdon, UK) and a MRX microplate reader (Dynatech Laboratories, Cambridge, MA, USA). The inter (%) and intra (%) co-efficient of variance for the metabolic measures were as follows: IL-6 (2%, 8%), insulin (4%, 9%), adiponectin (11%, 10%), CRP (6%, 12%), glucose (7%, 4%), total cholesterol (4%, 3%), HDL (6%, 2%) and triglycerides (5%, 6%).

Observational analysis
----------------------

Observational data was gathered by video recording. One weekly exercise session was recorded which permitted the estimation of distances covered by the HIT group during the week.

Intervention feedback
---------------------

The feasibility of the intervention was evaluated through five focus groups: four involved the exercise participants (n=24) and one involved the PE teachers (n=4). The focus groups were facilitated by two members of the research team who had been in attendance throughout the study. One member of the research team acted as the moderator and was responsible for facilitating the group discussion. The second member of the research team acted as the co-moderator and was responsible for taking notes during the sessions. After each focus group, the moderator and co-moderator debriefed and described any noticeable circumstances that influenced discussions. Focus groups were audio recorded and transcribed after which a discourse analysis was performed. By utilizing this method, the transcripts of interviews were searched for unique information, common patterns and uncommon patterns \[[@B32]\]. Integrated reliability was achieved through line by separate line coding of the transcripts by the moderator and co-moderator. Themes were identified by each and then compared to identify final themes. Reviewing the transcripts allowed for identification of common themes within single, and across focus groups. Representative quotes from each identified thematic area are provided. Focus groups ranged in length from 30 minutes to one hour. Throughout the intervention period, informal discussions were also undertaken with the PE teachers, members of school management and participants either individually or in small groups. These discussions were frequent and allowed us to gain immediate feedback of the intervention.

Statistical analysis
--------------------

A statistical power of 0.8 and a significance level of 0.05 was used throughout the study. In order to determine sensitivity to change and the effects of the intervention upon CVD risk factors, sample size was estimated using the procedures of Park and Schutz \[[@B33]\] for ANOVA designs that incorporate a repeated factor. For a medium effect size in the intervention groups of d = 0.5, power of 0.8 (suggesting an 80% probability of achieving significance at the p = 0.05 level) a sample group size of 17 participants was required. Effect sizes \> 0.5 indicate clinically relevant changes \[[@B34]\]. Assuming a drop-out rate of 10%, a minimum of 19 participants was needed per group. Means (±SD) were used to describe data where appropriate.

The paired samples t-test was used to establish any differences within pre and post measures for each group after the Anderson--Darling test was applied to confirm normality and Levene's test assessed homogeneity of variance. For variables with invalid assumptions of normality and (or) homogeneity of variance, the Wilcoxon signed rank test was used.

Additionally, the analysis of covariance (ANCOVA) was used to test differences between the groups at post-intervention. The covariates (baseline age, sex, maturation, physical activity, total dietary fat, saturated fat and kcal/d difference as well as differences in waist circumference and shuttle run score from baseline to post-intervention) were used in the model based on the results from two exploratory analyses: i) confirmation that the potential covariate was independent of experimental effects by establishing that the two groups did not differ significantly on each of these variables via the one-way analysis of variance (ANOVA), and, ii) that each of the potential covariates correlated significantly with each of the dependent variables. The underlying assumptions of residual normality and homogeneity of variance were confirmed by the Anderson-Darling test and Levene's test respectively for all measures. Finally, post hoc, effect size statistics (ES) for all the statistically significant *t*-ratios and *F*-ratios identified, as well as the 95% confidence intervals (CI) for the mean differences for each group was presented. Only participants that had complete data (i.e. both baseline and post-intervention measures) were included in the analysis for each variable.

Results
=======

Overall, 20 participants were classified as overweight with 69 being of a healthy weight \[[@B35]\]. Table [1](#T1){ref-type="table"} displays the baseline characteristics for both groups. Mean PA levels estimated with the PAQ-A was similar between groups suggesting that participants were not overtly active. Dietary habits were also similar with both groups consuming diets greater than the recommended threshold for saturated and total fat intake \[[@B36]\]. Of the 21 exercise sessions, mean attendance for participants involved in the intervention was 16.6 ± 1.5. Absences were due to illness, medical appointments, lack of appropriate clothing or work placement attendance. No injuries were reported during the intervention and in terms of compliance; no participants withdrew from the study. This is encouraging, since intense vigorous exercise in youth is often dismissed as being unfeasible for many to undertake. Weekly HR response and distance covered during one session per week are displayed in Table [2](#T2){ref-type="table"}. Mean HR responses throughout the intervention was comparable with HIT and for recommendations aimed at improving CRF \[[@B37]\].

###### 

Mean age, maturity, physical activity and dietary characteristics of both groups at baseline

                                    **HIT group (n = 42)**   **Control (n = 47)**
  -------------------------------- ------------------------ -----------------------
  Age                                     16.8 ± 0.5              16.6 ± 0.6
  Physical activity levels                2.3 ± 0.4            2.1 ± 0.7 (44)\*
  **Tanner stage**                                                      
  Pre-pubescents (Stage 1)                    5                        1
  Pubescents (Stages 2, 3 and 4)              25                      21
  Post-pubescents (Stage 5)                   12                      25
  **Dietary measures**                                                  
  Total fat                           36.4 ± 4.5 (38)\*        36.1 ± 4.6 (41)\*
  Saturated fat                       13.6 ± 2.2 (38)\*        13.7 ± 2.2 (41)\*
  Total calories                    1723.8 ± 469.4 (38)\*    1569.2 ± 365.1 (41)\*

\*Where n = denoted number, actual sample number is presented in.

###### 

Average heart rate response and distance covered (mean ± SD) during each week of the intervention

                                                 **HIT group (n = 42)**
  ---------------------------------------------- ------------------------
  **Average weekly distance covered (m)**         
  Week 1                                         495.5 ± 45.1 (39)\*
  Week 2                                         496.8 ± 44.2 (37) \*
  Week 3                                         617.7 ± 55.6 (35) \*
  Week 4                                         621.7 ± 60.1 (36) \*
  Week 5                                         761.1 ± 32.7 (34) \*
  Week 6                                         762.7 ± 39.6 (35) \*
  Week 7                                         746.1 ± 41.6 (36) \*
  **Average weekly heart rate response (bpm)**    
  Week 1                                         175.4 ± 15.6 (32) \*
  Week 2                                         172.6 ± 14.2 (30) \*
  Week 3                                         175.5 ± 12.6 (27) \*
  Week 4                                         178.3 ± 16.7 (26) \*
  Week 5                                         181.3 ± 15.9 (28) \*
  Week 6                                         178.4 ± 18.7 (27) \*
  Week 7                                         176.4 ± 19.3 (26) \*

Note: \* Where n = denoted number, actual sample number is presented in brackets.

Physical and physiological variables post-intervention
------------------------------------------------------

Table [3](#T3){ref-type="table"} displays the mean ± SD for physical and physiological measures for the HIT and control groups at baseline and post-intervention as well as the differences between, and within, the groups post-intervention. Both groups experienced a significant increase in stature whilst only the control group displayed significant increases in mass and waist circumference. Participants in the HIT group also experienced a significant decrease in systolic BP post-intervention. There was a significant decrease in both agility and vertical jump performance in the control group whereas increases in vertical jump, 10 m sprint speed and CRF performance was evident in the HIT group. Positive changes in agility performance followed the HIT intervention but did not reach significance. A negative change in CRF was evident in the control group post-intervention but again, this did not reach significance.

###### 

Characteristics of physical and physiological variables: HIT and control group at baseline and post-intervention

  **Characteristic**          **Baseline**   **Post-intervention**    **Mean difference**    **Effect size**   **Within group**   **Between groups**
  -------------------------- -------------- ----------------------- ----------------------- ----------------- ------------------ --------------------
  Stature (cm)                                                                                                                          0.821
  HIT (42)                    170.2 ± 8.3         171.1 ± 8.3          0.9 (0.6 to 1.3)        0.76 (95%)           0.000                  
  Control (46)                171.6 ± 8.2         172.5 ± 8.2          0.9 (0.6 to 1.2)        0.87 (95%)           0.000        
  Mass (kg)                                                                                                                             0.918
  HIT (38)                     70.4 ± 8.9         70.2 ± 9.0           0.2 (-0.8 to 0.3)                            0.350                  
  Control (47)                 71.9 ± 9.7         72.4 ± 9.4           0.5 (0.3 to 0.9)        0.32 (56%)           0.036        
  BMI                                                                                                               0.168               0.842
  HIT (38)                     21.5 ± 2.4         21.3 ± 2.3            0.2 (0.1 to 0.5                             0.178                  
  Control (46)                 22.6 ± 2.6         22.3 ± 2.5           0.3 (-0.2 to 0.4)                                         
  Waist circumference (cm)                                                                                                              0.695
  HIT (42)                     75.3 ± 6.7         75.3 ± 6.7          0.002 (-0.7 to 0.7)                           0.995                  
  Control (47)                 73.9 ± 5.9         75.4 ± 6.2           1.5 (1.0 to 2.0)       0.91 (99.9%)          0.000        
  Systolic BP (mmHg)                                                                                                                    0.146
  HIT (38)                      119 ± 13           114 ± 13           4.9 (-8.4 to -1.4)      0.46 (78.6%)          0.008                  
  Control (39)                  119 ± 14           116 ± 15            3.3 (-7.4 to 0.8)                            0.109                  
  Diastolic BP (mmHg)                                                                                                                   0.672
  HIT (38)                      69 ± 11             68 ± 9             0.9 (-5.5 to 3.7)                            0.689                  
  Control (39)                  70 ± 12             66 ± 12            3.5 (-8.3 to 1.3)                            0.144        
  CMJ (cm)                                                                                                                              0.042
  HIT (41)                     30.7 ± 6.7         31.7 ± 7.1           1.0 (0.3 to 1.6)       0.49 (86.6%)          0.003                  
  Control (38)                 31.8 ± 6.6         29.7 ± 6.3          2.1 (-3.0 to -1.1)      0.72 (99.1%)          0.000        
  10 m sprint (s)                                                                                                                       0.003
  HIT (37)                    2.06 ± 0.26         1.97 ± 0.21        0.09 (-0.12 to -0.05)    0.78 (99.6%)          0.000                  
  Control (37)                2.04 ± 0.20         2.01 ± 0.18        0.03 (-0.01 to 0.06)                           0.167        
  5-0-5 agility (s)                                                                                                                     0.095
  HIT (42)                    2.58 ± 0.28         2.54 ± 0.30        0.05 (-0.10 to 0.01)                           0.090                  
  Control (37)                2.45 ± 0.25         2.58 ± 0.28        0.13 (-0.18 to -0.07)    0.79 (99.7%)          0.000        
  CRF (Shuttles)                                                                                                                        0.277
  HIT (41)                      79 ± 25             84 ± 26            4.6 (2.8 to 6.5)       0.78 (99.8%)          0.000                  
  Control (47)                  82 ± 25             78 ± 22            3.4 (-6.9 to 0.1)                            0.056        

Abbreviations: *HIT* High Intensity group, *BP* Blood Pressure, *CRF* CRF, *CMJ* Counter movement jump, *CI* confidence interval. Paired samples t-test was used to establish differences between post-intervention measures for each group. ANCOVA was used to test differences between the groups at post-intervention adjusted for the covariates (baseline age, sex, maturation, physical activity, total dietary fat, saturated fat and kcal/d difference as well as differences in waist circumference and shuttle run score) where appropriate.

Finally, results from the ANCOVA established the differences between the groups post-intervention (Table [3](#T3){ref-type="table"}). There was a significant difference in vertical jump (P = 0.042, ES = 0.54, power = 62.6%) and 10m sprint (P = 0.003, ES = 0.85, power = 93.1%) performance after partitioning-out baseline measures of sex, maturation, physical activity and kcal/d.

Biochemical variables for each group at baseline and post-intervention
----------------------------------------------------------------------

Table [4](#T4){ref-type="table"} displays the mean ± SD of the biochemical variables for the HIT and control groups at baseline and post-intervention as well as the differences between, and within the groups post-intervention. Both groups experienced a significant increase in LDL post-intervention whereas the control group also displayed a significant increase in total cholesterol levels. No other significant changes were evident in either group post-intervention for the other biochemical CVD risk factors measured. Finally, results from the ANCOVA revealed no significant differences between the groups post-intervention for any measure.

###### 

Biochemical characteristics: HIT and control group at baseline and post-intervention

  **Characteristic**                **Baseline**   **Post-intervention**   **Mean difference**   **Effect size**   **Within group**   **Between groups P-value**
  -------------------------------- -------------- ----------------------- --------------------- ----------------- ------------------ ----------------------------
  Adiponectin (ng ml^-1^)                                                                                                                       0.985
  HIT (37)                           9.4 ± 6.1           7.6 ± 6.5          1.8 (-4.4 to 0.8)                           0.162                      
  Control (46)                       8.1 ± 4.5           7.4 ± 6.2          0.6 (-2.3 to 1.0)                           0.191        
  CRP (mg L^-1^)                                                                                                                                0.940
  HIT (36                            1.3 ± 1.2           1.6 ± 1.7          0.4 (-0.2 to 1.1)                           0.192                      
  Control (43)                       1.4 ± 1.4           1.6 ± 1.6          0.2 (-0.4 to 0.8)                           0.459        
  Glucose (mMol L^-1^)                                                                                                                          0.517
  HIT (26)                           4.9 ± 1.3           5.0 ± 1.2          0.1 (-0.6 to 0.7)                           0.836                      
  Control (38)                       5.0 ± 1.0           5.2 ± 1.0          0.2 (-0.2 to 0.6)                           0.434        
  HDL (mMol L^-1^)                                                                                                                              0.694
  HIT (26)                           1.4 ± 0.3           1.8 ± 1.1          0.3 (-0.1 to 0.7)                           0.167                      
  Control (36)                       1.4 ± 0.4           1.7 ± 1.0         0.4 (-0.01 to 0.8)                           0.056        
  Insulin (IU ml^-1^)                                                                                                                           0.235
  HIT (24)                           7.9 ± 7.5          8.5 ± 11.8          0.6 (-5.5 to 6.7)                           0.764                      
  Control (34)                       7.3 ± 4.5           5.8 ± 4.2          1.5 (-3.6 to 0.6)                           0.307        
  IL-6 (pg ml^-1^)                                                                                                                              0.495
  HIT (27)                           3.4 ± 4.1           2.9 ± 3.8          0.6 (-2.1 to 0.9)                           0.788                      
  Control (40)                       3.8 ± 2.9           3.9 ± 7.9          0.2 (-2.6 to 2.9)                           0.149        
  LDL (mMol L^-1^)                                                                                                                              0.402
  HIT (24)                           2.5 ± 1.5           1.5 ± 1.0         1.1 (-2.0 to -0.2)     0.51 (67.6%)          0.019                      
  Control (33)                       2.8 ± 1.8           1.7 ± 0.8         0.9 (-1.6 to -0.3)     0.51 (80.8%)          0.006        
  Total Cholesterol (mMol L^-1^)                                                                                                                0.182
  HIT (28)                           4.5 ± 1.8           3.8 ± 1.2          0.7 (-1.6 to 0.2)                           0.149                      
  Control (40)                       4.2 ± 1.6           3.5 ± 1.3         0.7 (-1.5 to -0.05)    0.34 (56.1%)          0.036        
  Triglycerides (mMol L^-1^)                                                                                                                    0.609
  HIT (29)                           1.0 ± 0.3           1.1 ± 0.4          0.1 (-0.1 to 0.3)                           0.172                      
  Control (41)                       1.0 ± 0.4           1.1 ± 0.5         0.05 (-0.1 to 0.2)                           0.526        

Abbreviations: *HIT* High Intensity group, *CI* confidence interval, *CRP* C-reactive protein, *HDL* high-density lipoprotein cholesterol, *IL-6* interleukin-6, *LDL* low-density lipoprotein cholesterol. Paired samples t-test was used to establish differences between post-intervention measures for each group. ANCOVA was used to test differences between the groups at post-intervention adjusted for the covariates (baseline age, sex, maturation, physical activity, total dietary fat, saturated fat and kcal/d difference as well as differences in waist circumference and shuttle run score) where appropriate.

Intervention feedback
---------------------

### Exercise participants

Intervention participants provided feedback concerning the intervention through post-intervention focus groups (Additional file [1](#S1){ref-type="supplementary-material"}). Two broad themes are highlighted below, which are grounded in the emergent categories from participant responses. Each theme is supported by quotations from participants.

Theme one
---------

### Participant's comments regarding the intervention

Participants reported that they enjoyed the vigorous nature of the intervention with one stating "We don't usually do a lot of running about in PE so it was good to actually do something". This sentiment was agreed by a number of individuals. A number of participants felt that the intervention whilst hard at first became gradually easier as the weeks progressed. One stated: "I thought there was no way I'm doing this for 7 weeks but once it (the exercise session) was finished, you feel really good" whilst another stated "At the start of a week when the reps increased I was dreading it but once you do a couple of sessions it becomes easy and you know what to expect". This was an important point which was confirmed in each focus group. It became apparent that whilst participants had initial fears at the beginning, once they undertook the exercise they felt more confident about subsequent sessions.

Theme two
---------

### Participants continued participation with the intervention

Participants identified a number of reasons for their continued participation. These included: "I just wanted to get fit ", "I didn't want to let XXXXXX down as we have been doing it together since the start", "I just wanted to make sure I was beating XXXX as we were racing each other". Other participants reported: "We didn't want to let anyone down as we knew there was a lot of money spent". Another important point raised by a number of participants concerned the feedback and encouragement given. One stated "It was good seeing the heart rates on the computer as we knew how hard we were running" whilst another stated "Feedback was good and everyone on the sides was cheering you on". Three main reasons that were given for their continued participation of the intervention were participant support, competition and not letting anyone down. They also indicated that the support and encouragement given was important for continued participation.

PE teachers
-----------

Teachers provided feedback concerning the intervention through a post-intervention focus group (Additional file [2](#S2){ref-type="supplementary-material"}). Four departmental staff members were in attendance. Two broad themes are highlighted below with each supported by quotations from participants.

Theme one
---------

### Commenting upon the intervention

The teachers all agreed that they really enjoyed the experience of the intervention. One stated "It went really well. There was no way I thought the kids would continue to do it over the 7 weeks but the fact they did, was great. You could see as well that they really got into it." While another stated "I was surprised how much I cared about the study, I know it's your research but I felt that it was ours too. It was all we ever talked about in the mornings". This comment was confirmed by all other teachers in attendance with another adding "Some of the kids really got into it and showed massive improvements, even those that you wouldn't expect." The teachers all agreed that the heart rate sessions were great; not only for the participants, but also for the staff with one commenting "It was great for the pupils to see their HR response during and after exercise."

Theme two
---------

### Participant's adherence to the intervention

The teachers agreed that the positive influence of the researchers in attendance throughout the study was a key contributor to the successful adherence of participants. One commented "It was clear that you (the two researchers) were really engaged with the participants and were willing to provide support and encouragement to all. The relationships that you had with the kids were also appropriate; we were amazed that after only 1 week you knew the names of all the kids". Teachers also noted that they bonded with the kids much earlier in the year than usual with one stating "I got to know the kids really well because we were all involved in this study. It was good."

Discussion
==========

The aim of this study was to establish the effects of a HIT intervention upon a number of CVD risk factors in adolescent youth. Results revealed that body mass and waist circumference was maintained in the HIT group although significant increases in these measures were evident in the control group. This suggests that the intervention may have had an impact on body mass and waist circumference maintenance by limiting their increase during the intervention period as observed within the control group. Although previous investigations involving youth have noted significant reductions in body composition through a HIT intervention \[[@B13],[@B14]\], both of these studies were of a longer duration involving overweight and obese participants. Given the short duration of this study and that only 2 individuals had at risk waist circumference levels (data not shown), our findings are unsurprising.

A significant reduction in systolic BP and increase in CRF post-intervention confirms our findings from an earlier investigation \[[@B16]\]. Reductions in systolic BP through aerobic exercise training are well established with approximate reductions of 6 to 10 mm Hg seen in previously sedentary men and women of all ages \[[@B38]\]. This decrease in systematic vascular resistance through aerobic exercise training has also been linked to the reduction in systolic BP \[[@B39]\] and appears to suggest that central adaptations may be responsible for the adaptations noted in the HIT group. Nonetheless, previous HIT investigations involving healthy adults appear to contradict the suggestion that central adaptations are linked to an increase in CRF \[[@B40],[@B41]\].

For instance, participants involved in a 6 week HIT intervention undertaken 3 times per week experienced significant peripheral (a-vO~2~ difference) but not central (maximal cardiac output) adaptations \[[@B41]\] whereas in the study by Rakobowchuk and colleagues, an intervention undertaken 5 times per week for 6 weeks improved peripheral, but not central, vascular structure \[[@B40]\]. Whether peripheral adaptations can explain the increase in CRF evident in this cohort is unclear. Given the nature of our school based intervention it was not possible to undertake similar measures in this cohort given the number of participants and the time restrictions of the school curriculum. Nonetheless, previous investigations that have involved HIT interventions have consistently demonstrated peripheral adaptation through improved oxygen delivery to working muscles \[[@B41]\], enzymatic \[[@B42]\] and mitochondrial adaptations \[[@B12],[@B42]\]. Furthermore, some have also suggested that reductions in systolic BP from aerobic exercise training are due to an increased stroke volume through improved systemic vascular resistance (peripheral adaptation) rather than an increased cardiac output \[[@B39]\]. This is plausible since resting HR typically decreases after a period of exercise. From these studies it is evident that HIT interventions can stimulate peripheral adaptations which can enhance CRF, and perhaps systolic BP, and may explain the adaptations noted in this cohort.

Although these adaptations may be surprising given the initial level of CRF evident in this cohort (mean baseline 20MSFT levels of the cohort was in the top 90th percentile \[[@B43]\]), the design of our protocol may have ensured a large aerobic contribution towards energy production. Whilst our understanding of exercise metabolism is limited by ethical and methodological constraints in youth populations, evidence from adults may offer a plausible explanation for the increase in CRF evident in the intervention group. For instance, at the onset of the first repetition maximal power generation will partly be reliant upon muscle PCr stores to contribute towards ATP regeneration. As each exercise repetition is of 30s duration interspersed with 30s recovery, the decrease in PCr availability during subsequent repetitions \[[@B44]\] means individuals will rely more heavily upon both glycolytic and in particular, oxidative phosphorylation for continued energy production \[[@B45]\]. It was evident in this study that participants were unable to cover the same distance during subsequent bouts of exercise, especially towards the end of the intervention period (data not shown), which could indicate a greater reliance upon oxidative phosphorylation as exercise continues. This reliance may have become more pronounced in the latter repetitions of each session and towards the end of the intervention period given the inclusion of more repetitions and reduced recovery period, and is supported by our observations of the distances covered. It may be that the 1:1 exercise and recovery ratio provides enough stimuli to induce aerobic adaptations within the mitochondria (peripheral adaptation) since it is required to replenish ATP at a high rate with a decreasing anaerobic contribution \[[@B46]\].

Significant improvements in CMJ and 10 m sprint performance were noted in the HIT group whereas the control group experienced a significant decrease in CMJ performance only. It appears that the intervention which involved maximal acceleration and deceleration phases as well as explosive turns had a positive effect on muscular power, and confirms the findings of others that have shown an increase in muscular power through HIT interventions \[[@B19],[@B47]\]. A logical explanation is that neurological adaptations (motor-unit recruitment) may explain the increase noted in explosive muscular power but evidence of this in adolescents is scarce. Although changes in agility favoured the HIT group, this did not reach significance while the control group experienced a significant decrease in agility post-intervention. It is well established that an increase in agility performance and maximal sprinting speed are reliant upon adaptations in a number of factors including muscular power, acceleration speed, balance and coordination \[[@B48]\]. While it appears that the HIT intervention was appropriate to induce significant increases in acceleration speed and muscular power (Table [3](#T3){ref-type="table"}), it may be that balance and coordination did not improve at a sufficient level to induce a significant increase in agility performance.

A significant decrease in LDL concentration was evident in both the HIT and control groups while total cholesterol also decreased significantly in the control group. The large decrease in LDL evident in both groups post-intervention (Table [4](#T4){ref-type="table"}) would have a subsequent effect upon total cholesterol levels, and can explain the significant reduction noted within the control group. Others have found similar positive effects of exercise on LDL in adolescent cohorts \[[@B49],[@B50]\] while others have not \[[@B51]\]. Although participants were encouraged to maintain normal physical activity and dietary behaviours throughout the intervention period, the decrease in LDL evident in the control group could have been a result of increased physical activity, improved diet or a combination of both despite our recommendations. This however doesn't appear plausible given that both body mass and waist circumference significantly increased post-intervention in the control group whereas CMJ and 10m sprint performance significantly decreased, as did CRF and 10-m sprint performance (albeit not significantly). It's more likely that the dietary and physical activity behaviour of those participants in the control group was poor throughout the intervention period.

No significant differences were evident in the seven other metabolic CVD risk factors measured post-intervention but is unsurprising given the apparent healthy nature of this adolescent cohort. For instance, mean baseline 20 MSFT levels for both groups were in the top 90th percentile \[[@B43]\] while only 2 individuals presented with at risk waist circumference (data not shown). It is plausible that individuals who have poor anthropometrical and CRF profiles would have unfavourable metabolic profiles. Perhaps these individuals may be more susceptible to positive metabolic changes through the HIT intervention.

The findings from this study indicate that it is feasible to implement HIT interventions for adolescents within the school setting and for them to adhere to such a rigorous protocol. Findings from the focus groups and informal discussions revealed that adolescents are able to undertake strenuous intensive exercise and enjoy the nature of the activity. Whilst enjoyment was not specifically measured, we are confident that participant responses are accurate given that the mean adherence rate for the 21 exercise sessions was 16.6 ± 1.5 (\~80%).

An additional important result from this study was the role of the PE teachers. Despite their initial trepidation and concerns regarding the intervention, unbeknown to us, the PE teachers had coordinated their lunch break to perform the HIT intervention prior to the start of the study. From informal discussions, the teachers themselves wanted to undertake the intervention to experience the challenges the pupils would soon face. Once the teachers began to provide positive feedback of their own experience of the intervention, we agreed that they would take an active role in emphasizing the importance and benefits of completing the intervention to the participants. As our relationship with the teachers strengthened, we focused our attention towards building relationships with the participants. As we were present during each exercise session, we were able to engage in informal discussions with participants and understand their reasons for participating. At the very least, this gave us a starting point for discussion during the subsequent sessions and weeks and was viewed positively by the participants during the focus group sessions post-intervention. From our experience, the strong relationships built with both teachers and participants allowed us to solve any issue that arose together, and appears vital for maintaining adherence and facilitating research outcomes.

The findings of this study, as well as our previous investigations \[[@B16],[@B19]\] suggest that HIT may be an effective strategy to enhance measures of physical fitness in adolescent cohorts. As our studies have used apparently healthy adolescent cohorts, it is unsurprising that limited changes have occurred in the metabolic profiles of cohorts post-intervention. Also, the observations of this study are limited as it was not possible for allocation concealment or blinding since this study was conducted in only one school. Whilst attempts to reduce this confounding bias were undertaken by controlling for confounding variables in our analysis, it is plausible that the experimental treatment effect of the HIT intervention may have been exaggerated in this study. So whilst our findings suggest that HIT is a feasible method of physical activity in adolescent cohorts, further work is now required to establish the effects of HIT interventions on measures of health and well-being in a larger cohort of school children, taken from different schools through the use of a clustered randomized controlled trial.

Conclusions
===========

Findings from this study, suggest that HIT is an effective strategy to enhance measures of physical fitness in adolescent cohorts. Nonetheless, questions remain concerning the role of HIT as an effective alternative for health and well-being over more traditional endurance based exercise recommendations. Our studies have used apparently healthy adolescent cohorts but limited evidence exists concerning the use of HIT in individuals who have, or in risk of, clinical disorders such as CVD, type 2 diabetes, insulin resistance and obesity. Furthermore, the majority of HIT interventions have only been conducted over a relatively short period of time (i.e. several weeks). Whether HIT interventions can be implemented over an extended period of time (i.e. months to years) is at present unclear. Whilst we hope that our findings will stimulate further research related to the role of field based HIT in a variety of different populations, attention should also be given to identifying the optimal combination of exercise intensity and volume needed to induce favourable adaptation in the most time efficient manner. Further work that considers these issues whilst extending our initial work in a larger cohort of school children, taken from different schools within a clustered randomized controlled trial, will help provide evidence based recommendations for a variety of populations that may confirm the use of HIT as an alternative physical activity strategy.
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